Aims/hypothesis. The conversion of D-[3-3 H]glucose to 3 HOH is currently measured to assess D-glucose utilisation. The validity of such a procedure was re-evaluated. Female Wistar rats were purchased from Iffa Credo (L'Arbresle, France). Male rats and female GK (GotoKakizaki) rats were obtained from our local colony. All animals were given free access to food (KM-04-k12; Pavan Service, Oud Turnhout, Belgium) and tap water up to the time of killing by decapitation. Blood was collected in heparinized vials and the plasma was separated for measurement of plasma D-glucose [8] [1, 2, 3, 4, 5, 6, 7] . This work documents that such a procedure could underestimate the true rate of D-glucose utilisation in some cell types. Moreover, it is shown that the relative extent of such an underestimation is affected by a number of environmental factors.
The methods used to measure the generation of radioactive CO 2 [14] , H 2 O [14] , acidic metabolites [15] and amino acids [16] from 3 H-or 14 C-labelled D-glucose were also described previously.
To measure the 3 H-and 14 C-labelling of islet lipids, groups of 30 islets each were incubated for 120 min at 37°C in 80 µl of our usual HEPES-buffered and bicarbonate-buffered medium in the presence of D-[3-3 H]glucose or D- H]glucose and D-[U- 14 C]glucose. After incubation, the islets were separated from the incubation medium (mixed with 100 µl of a phosphate buffer, 100 mmol/l, pH 7.4) by centrifugation through a layer (150 µl) of dibutylphthalate [13] . The bottom of the microfuge tube containing the islet pellet was cut and placed in 2 ml of a CHCl 3 /CH 3 OH (2/1, v/v) mixture. After adding 20 µl of rat plasma, sonification (3×10 s) and centrifugation (10 min at 4°C and 1000 g), the supernatant was removed, mixed with 0.8 ml H 2 O, and again centrifuged for 10 min at 4°C. After the upper layer was removed, the extraction of lipid was completed according to a known method [17] . The procedures used in this study were approved by the local Animal Experimentation Ethics Committee.
All results are presented as mean values (± SEM) together with the number of individual measurements (n) or degree of freedom (d.f.). The statistical significance of differences between mean values was assessed by use of Student's t test.
Results

D-Glucose metabolism in islets from normal rats.
A rise in D-glucose concentration from 2.8 to 16.7 mmol/l augmented (p<0.001) the production of 14 (Table 2 ). To optimize the comparison between mean values, the tritiation of islet lipids was expressed, in each experiment and at each hexose concentration, relative to the mean corresponding value for their 14 C-labelling. The tritiation of islet lipids by d-Glucose metabolism in islets from GK rats. The metabolic and hormonal status of the GK rats used in this study is documented in Table 3 . The female GK rats showed a higher plasma D-glucose concentration (p<0.001) and a lower insulinogenic index (p<0.05) than that found in female control rats examined within the same experiments (i.e. 9.74±0.22 mmol/l; n=21 and 4.53±0.34 U/mol; n=20). The plasma insulin concentration of the female GK rats was not different from that found in the control rats of the same sex (i.e. 281±23 pmol/l; n=20). Likewise, the protein content of the islets from female GK rats was not different from that of female control rats (2.33±0.25 µg per islet; n=10). The insulin content of the islets from female GK rats was higher (p<0.05 or less) than that of the control rats of the same sex, whether expressed per islet or per µg islet protein (i.e. 1.58±0.17 mU/islet and 5.20±0.80 pmol/µg; n=10 in both cases). Despite comparable age, the male GK rats were heavier (p<0.001) than the female GK rats. They also showed higher plasma D-glucose concentrations (p<0.01) and insulin (p<0.001) concentrations, and a higher (p<0.01) insulinogenic index than the female GK rats. The insulin content of the islets from male GK rats was lower (p<0.025 or less) than that found in islets from female GK rats, whether expressed per islet or per µg protein ( In the GK rats, as in the control rats, the mean ratio between 3 HOH production from D-[3-3 H]glucose to D-[5-3 H]glucose was lower at 2.8 mmol/l than at 16.7 mmol/l D-glucose (Table 4) . However, this difference failed to achieve statistical significance (p>0.05). Moreover, both at low and high D-glucose concentrations, the ratios recorded in either all or only female GK rats were higher (p<0.001) than those computed in female control rats.
It should be underlined that the results recorded in male and female GK rats were not identical. At the low concentration of D-glucose (2.8 mmol/l), no difference (p>0.3) was found between male rats and female rats in terms of the ratio between 3 
=50).
Moreover, whilst such a ratio was not different (p>0.9) at low and high D-glucose concentrations in male GK rats, it was higher (p<0.02) at 16.7 mmol/l than at 2.8 mmol/l D-glucose in female GK rats.
Experiments in parotid cells.
A situation similar to that found in pancreatic islets was observed in parotid cells exposed to 10.0 mmol/l D-glucose (Table 5) (Table 6 ). The latter generation was commensurate with the production of 3 
Discussion
The results obtained in pancreatic islets prepared from female control rats document two major findings. Firstly, they indicate that the conversion of D-[3-3 H]glucose to 3 HOH is sizeably lower than that of D-[5-3 H]glucose to 3 HOH. Secondly, they show that the relative extent of such a difference is more pronounced at low (2.8 mmol/l) than at high (16.7 mmol/l) D-glucose concentrations. In parallel work, we observed that the difference between D-[3-3 H]glucose and D-[5-3 H]glucose conversion to 3 HOH in pancreatic islets isolated from normal rats is always increased whenever the rate of glycolysis is decreased. For instance, this was documented in islets incubated in the absence of extracellular Ca 2+ or exposed to exogenous D-glyceraldehyde. It is proposed, therefore, that part of the tritiated dihydroxyacetone phosphate generated from D-[3-3 H]glucose could be converted to L-[1-3 H]glycerol 3-phosphate, the latter tritiated ester being then incorporated into triglycerides or phospholipids. Such an escape phenomenon is also compatible with prior work indicating enzyme-to-enzyme channelling of D-glyceraldehyde 3-phosphate in the aldolase/glyceraldehyde 3-phosphate dehydrogenase sequence [20, 21, 22] .
In further support of the interpretation above, our results show that, in pancreatic islets from female control rats, the tritiation of lipids is higher in islets exposed to D-[3-3 H]glucose rather than D-[5-3 H]glucose. Such a difference was again more pronounced at 2.8 mmol/l than at 16.7 mmol/l D-glucose. In absolute terms, the difference between the tritiation of lipids in islets exposed to D-[3-3 H]glucose versus D-[5-3 H]glucose was much lower than the difference between the generation of 3 HOH from the two tritiated tracers. It should be kept in mind, however, that several tritiated metabolites (e.g. tritiated dihydroxyacetone phosphate and L-glycerol 3-phosphate) were not measured in these experiments. Moreover, the tritiation and 14 Clabelling of islet lipids is likely to be affected by their continuous turnover.
The results recorded in GK rats affords three essential pieces of information. Firstly, they confirm that, at a high but not at a low D-glucose concentration, the paired ratio between D-[U-14 C]glucose oxidation and D- H]glucose utilisation is lower in islets from GK rats than in those from the control rats [18, 19] . Secondly, they show that, at 2.8 mmol/l D-glucose, the ratio between D-[3-3 H]glucose and D-[5-3 H]glucose conversion to 3 HOH is higher (p<0.005) in both male GK rats and female GK rats than in female control rats. This coincides with an abnormally high basal rate of insulin release in the islets from GK rats [19] . Both phenomena could conceivably be attributed to the accumulation of glycogen in the beta cells of the hyperglycaemic GK rats and, hence, to the stimulation of glycogenolysis, with a subsequent increase in glycolytic flux, in the islets of GK rats exposed to low concentrations of D-glucose [23] . It has been proposed that, in the isolated working heart, 3 HOH production from D-[5-3 H]glucose could overestimate glycolytic flux, possibly through generation of 3 HOH in the L-type pentose phosphate pathway and/or through transaldolase exchange [26] . In this respect, it should also be kept in mind that the 3 H from D-[3-3 H]glucose is lost as NADP 3 H in the oxidative portion of the pentose phosphate pathway. Although this and more recent information [27] should not be ignored, several findings argue against a major role for these processes in the difference found here between D-[3-3 H]glucose and D-[5-3 H]glucose conversion to 3 HOH in isolated pancreatic islets. Firstly, at variance with the situation found in the isolated working heart, the generation of 3 HOH from D-[5-3 H]glucose does not progressively increase during incubation of isolated rat pancreatic islets. On the contrary, in the islets, the rate of 3 HOH generation from D-[5-3 H]glucose is higher during the first 15 min of incubation than thereafter [28] . Secondly, the flux through the pentose phosphate pathway only accounts for a minor fraction of D-glucose metabolism in pancreatic islets [19, 29, 30] . It should be mentioned that the proposed partial escape of glycerone-3-phosphate from glycolysis would be expected to minimize the difference between D-[1-14 C]glucose and D-[6-14 C]glucose oxidation. Thirdly, the participation of the pentose phosphate pathway in the total metabolism of D-glucose is not significantly different in islets prepared from control rats and GK rats [19] ; this is in contrast with our findings concerning the ratio between D-[3-3 H]glucose and D-[5-3 H]glucose conversion to 3 HOH in the islets from the control versus GK rats.
In conclusion, this study documents that the generation of 3 HOH from D-[3-3 H]glucose underestimates the true rate of D-glucose utilisation in several cell types. Moreover, it shows that the relative extent of such an underestimation is affected by a number of factors such as the cell type under consideration, the concentration of extracellular D-glucose, the metabolic status of the animals (control rats vs diabetic rats) and the severity of hyperglycaemia in diabetic animals (male GK rats vs female GK rats). In our opinion, this information imposes reservation on the use of D-[3-3 H]glucose conversion to 3 HOH as a tool to assess the utilisation of the hexose in some cell types.
